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$\frac{\partial u}{\partial t}=u\cross\Delta u-\mu ux(u\cross\Delta u)$ (1)
, $\Omega\subseteq \mathbb{R}^{N}$ $u=u(x, t)=(u_{1}(x, t)$ ,
$u_{2}(x, t),u_{3}(x, t))$ : $\Omega x(0, \infty)arrow \mathbb{R}^{3}$ ,





$|u(x, t)|=1$ $u(x, t)$
$S^{2}$ $:=\{(x, y, z):x^{2}+y^{2}+z^{2}=1, x, y, z\in \mathbb{R}\}$
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$\Delta u$ $\Omega$ $0$ $t>0$
:


















$\Delta x,$ $\Delta t$ $x$ $n$
$x_{n},$ $m$ $(x, t)=(x_{n}, t_{m})(n=0,1,$ $\cdots N-1$
3 – $0$
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and $m=0,1,2,$ $\cdots$ ) $u_{n}^{m}=(u_{1,n}^{m}, u_{2,\mathfrak{n}}^{m}, u_{3,n}^{m})$
:
$\frac{u_{n}^{m+1}-u_{n}^{m}}{\Delta t}=u_{n}^{m+1/2}x\Delta_{h}u_{n}^{m+1/2}-\mu u_{n}^{m+1/2}\cross(u_{n}^{m+1/2}x\Delta_{h}u_{n}^{m+1/2})$ . (3)
$u_{0}^{m}=u_{N}^{m}$ , $u_{-1}^{m}=u_{N-1}^{m}$ $(m=0,1,2, \cdots)$ (4)























Lemma 1 Suppose that there eansts solution of (3). If
$\frac{\Delta t}{\Delta x^{2}}<\frac{1}{2+3\mu}$ ,
then the solution is unique.
Sketch of proof. $v_{n}$ $w_{n}$ $u_{n}^{m+1}=v_{n},$ $u_{n}^{m+1}=w_{n}$ (3)
$a_{n}x\Delta_{h}a_{n}=a_{n}x(a_{n+1}+a_{n-1})/\Delta x^{2}$
$||(v+u^{m})/2||_{\infty}\leq 1$ $||(w+u^{m})/2||_{\infty}\leq 1$
$||w-v||_{\infty}$ $\leq$ $\frac{\Delta t}{\Delta x^{2}}(2||\frac{w-v}{2}||_{\infty}\cdot||\frac{w+u^{m}}{2}||_{\infty}+2||\frac{v+u^{m}}{2}||_{\infty}\cdot||\frac{w-v}{2}||_{\infty}$
$+2 \mu||\frac{w-v}{2}||_{\infty}\cdot||\frac{w+u^{m}}{2}||_{\infty}^{2}+2\mu||\frac{v+u^{m}}{2}||_{\infty}\cdot||\frac{w-v}{2}||_{\infty}\cdot||\frac{w+u^{m}}{2}||_{\infty}$
$+2 \mu||\frac{v+u^{m}}{2}||_{\infty}^{2}$ . $|| \frac{w-v}{2}||_{\infty})$
$\leq$ $(2+3 \mu)\frac{\Delta t}{\Delta x^{2}}||w-v||_{\infty}$
$||a||_{\infty}= \max_{n}|a_{n}|$
Theorem A If
$\frac{\Delta t}{\Delta x^{2}}<\min\{\frac{M-1}{M^{2}+\mu M^{3}},$ $\frac{1}{2M+3\mu M^{2}}\}$ (6)
for some $M>1$ , then the solution of (3) exists.
248
outline
$\frac{v_{n}^{k+1}-u_{n}^{m}}{\Delta t}$ $=$ $\frac{v_{n}^{k}+u_{\mathfrak{n}}^{m}}{2}x\Delta_{h^{\frac{v_{n}^{k}+u_{n}^{m}}{2}}}$ (7)
$- \mu\frac{v_{n}^{k}+u_{n}^{m}}{2}x(\frac{v_{\mathfrak{n}}^{k}+u_{n}^{m}}{2}x\Delta_{h}\frac{v_{n}^{k}+u_{\mathfrak{n}}^{m}}{2})$
$\{v_{n}^{k}\}$
Lemma 2 Let $M$ be a positive constant larger than 1. Suppose that $|u_{n}^{m}|=1$ . If
$|| \frac{v_{n}^{0}+u_{n}^{m}}{2}||_{\infty}\leq M$ (8)
and
$\frac{\Delta t}{\Delta x^{2}}\leq\frac{M-1}{M^{2}+\mu M^{3}}$ , (9)
then we have
$|| \frac{v_{n}^{k}+u_{n}^{m}}{2}||_{\infty}\leq M$
for any $k\in N$ .
Sketch of proof. $w_{n}^{k}=(v_{n}^{k}+u_{n}^{m})/2$ (7)
$w_{n}^{k+1}$ $=$ $\frac{v_{n}^{k+1}-u_{n}^{m}}{2}+u_{n}^{m}$
$u_{\mathfrak{n}}^{m}+ \frac{\Delta t}{2\Delta x^{2}}(w_{n}^{k}x(w_{\mathfrak{n}+1}^{k}+w_{n-1}^{k})-\mu w_{n}^{k}\cross(w_{\mathfrak{n}}^{k}x(w_{n+1}^{k}+w_{n-1}^{k})))$




$M1+ \frac{\Delta t}{\Delta x^{2}}(M^{2}+\mu M^{3})$
Remark: $v_{n}^{0}=u_{n}^{m}$ (8) $M>1$
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$\{v_{n}^{k}\}$
$\frac{v_{n}^{k+2}-v_{n}^{k+1}}{\Delta t}$ $=$ $\frac{v_{n}^{k+1}-v_{\mathfrak{n}}^{k}}{2}x\frac{w_{n+1}^{k+1}+w_{n-1}^{k+1}}{\Delta x^{2}}+w_{n}^{k}x\frac{v_{\mathfrak{n}+1}^{k+1}-v_{n+1}^{k}+v_{n-1}^{k+1}-v_{n-1}^{k}}{2\Delta x^{2}}$
$- \mu(\frac{v_{\mathfrak{n}}^{k+1}-v_{n}^{k}}{2}x(w_{n}^{k+1}x\frac{w_{\mathfrak{n}+1}^{k+1}+w_{\mathfrak{n}-1}^{k+1}}{\Delta x^{2}})+w_{n}^{k}x(\frac{v_{n}^{k+1}-v_{\mathfrak{n}}^{k}}{2}\cross$
$\frac{w_{\mathfrak{n}+1}^{k+1}+w_{n-1}^{k+1}}{\Delta x^{2}})+w_{n}^{k}x(w_{n}^{k}x\frac{v_{\mathfrak{n}+1}^{k+1}-v_{n+1}^{k}+v_{n-1}^{k+1}-v_{n-1}^{k}}{2\Delta x^{2}}))$
$||v^{k+2}-v^{k+1}||_{\infty} \leq(2M+3\mu M^{2})\frac{\Delta t}{\Delta x^{2}}||v^{k+1}-v^{k}||_{\infty}$






$k\in \mathbb{R}$ $\Omega=\mathbb{R}/2\pi k$ $\alpha\neq l\pi(l\in \mathbb{Z})$
Landau-Lifshitz (1) :
$u(x,t)$ $=$ $(u_{1}(x,t),u_{2}(x, t),u_{3}(x,t))$





$\phi(x, t;\alpha, k,\mu)=\frac{1}{\mu}$ log $( \frac{d(t;\alpha,k,\mu)+e^{k^{2}\mu t}\cos\alpha}{1+\cos\alpha}I$
4
$\muarrow 0+$
$u_{1}(x, t)$ $=$ sin $\alpha$ cos ($k\cdot x-(|k|^{2}$ cos $\alpha$) $t$ )
$u_{2}(x, t)$ $=$ sin $\alpha$ sin ($k\cdot x-(|k|^{2}$ cos $\alpha$) $t$)
$u_{3}(x, t)$ $=$ cos $\alpha$
$u(x, t)=(u_{1}(x,t),$ $u_{2}(x, t),$ $u_{3}(x,t))$ Hciscnberg
[4]
4.2
1 2 $\Delta x=1/30,$ $\Delta t=1/20000$
$t=0$
1 $\mu=0$ . Hcnscnbcrg (a)
(b) (c)
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